Assembly sequence planning plays a major role in the manufacturing industry. There are still many challenges in the area of assembly planning. One of the significant reasons is the weakness in effective description of assembly knowledge and information. With the purpose of reducing computational complexity, this paper presents a method based on engineering knowledge approach to the assembly sequence planning. The DACG (Directed Assembly Connection Graph) proposed provides an appropriate way to express both geometric information and non-geometric knowledge. In order to increase the assembly planning efficiency, the DACG includes engineering knowledge and semantic in design, manufacturing and assembly fields. Product semantic information model could offer much useful information for designer to finish the assembly (process) design and make right decision in that process. A product assembly planning example is presented to illustrate the effectiveness of the proposed approach. Preliminary experience with the approach indicates the potential to reduce lead times and thereby can help in completing new product launch projects on time.
INTRODUCTION
Since the 1980s, much progress has been made to generate feasible assembly sequences for complex assemblies. However, there still exist difficulties in automatic generating good assembly sequences. Such as, assembly work has a close relation with engineer's knowledge and product's design information, but due to the technologic status of product information modeling, much information relevant to assembly design could not be described and stored in product model, and obviously, could not be transferred from one design stage to another. Due to the lack of supporting information in product model, it is difficult for engineers to searching for optimum assembly sequences in a large number of feasible assembly sequences [1] [2] .
However, over the past several years, driven by demand of industrial applications, solutions of supporting interactive assembly planning systems other than the automatic generation of assembly sequences have been developed. Basicaly, assembly sequence planning consists of two major activities: assembly modeling and assembly sequence generation and optimization. The efficiency of an assembly planning depends on the way by which the assembly information is modeled. Thus, the importance of developing a good assembly modeling method as a primary step should be researched. Assembly modeling not only is used to express structure and mutual constraint relation but also be a basic carrier of expressing product information. Therefore, assembly modeling and assembly sequence planning become a focused research hotspot in automation assembly fields.
In this paper, an assembly modeling method is proposed and its capability to assist to create a feasible and optimum assembly sequence is verified effectively. This paper is organized as the follows. Section 2 introduces some background information and related works in assembly modeling and assembly sequence planning field. In Section 3, the assembly semantic modeling approach based on the DACG is presented, and product's semantic information model is described in detailed. In Section 4, based on the proposed semantic modeling method, an assembly sequence planning method based on the knowledge was studied. In section 5, assembly model and assembly sequence of the wind-driven generator is constructed, and meanwhile, the reasonable and detailed assembly process is given by simulation, too. Finally, Section 6 summarizes the conclusion.
RELATED WORK
Traditionally, the design for product assembly has focused mainly on the relations among product parts. This information shows only the relative positions of the product components, but does not delineate to assembly sequence of the product components. In the direct assembly approach, Bourjault [4] proposed the concept of assembly precedence relations (APRs) and applied APRs to express the precedence relations among parts or liaisons in an assembly. Geometric feasible assembly sequence represents an operation order by which components can be assembled without interference. Geometric feasible assembly sequence planning can be regarded as the problem of deriving and fulfilling APRs. In Bourjault's approach, based on the liaisons diagram, a series of yes-no questions for each disassembling operation are queried to the user. Thereof, the geometric feasible assembly sequences can be reasoned out based on the answers given by the user. To simplify the querying process, Homem de Mello and Sanderson [6] proposed the cut-set analysis method with three simplification rules by which the number of queries can be reduced by 95%. In order to cut the queries further, Baldwin et al. [3] In the disassembly or decomposition approach, the feasible assembly sequence is the inverse of the disassembly sequence if there is a feasible operation in the disassembly. Huang and Lee [7] proposed a symbolic representation scheme to represent the product assembly operation from the view of disassembling by generating possible disassembly sequences.
In this work, we analyzed the demands and characteristics of assembly model based on multiple-view feature modeling, and studied the method of expressing assembly relation with the assembly connection graph of including engineering assembly semantic, and presented the constraint description method. Generation method of assembly sequence based on the knowledge was studied. An assembly sequence planning method was applied to National 863 project-the key components development of the large wind-driven generator.
ASSEMBLY SEQUENCE PLANNING BASED ON THE KNOWLEDGE 3.1. Assembly Connection Graph
The assembly connection graph have two types of arcs without direction and with direction, directed-to-link-arcs represent a constraint relationship between components. Leaf nodes in the same way represent an independent subassembly or fastener and midterm nodes represent an assembly operator. A non-directed arc represents a geometric constrain, for instance, co-plane, co-centric, surface mating etc. and the counterpart of a directed arc represents assembly sequence constraint, i.e., an assembling sequence liaison constraint.
For instance, if the direction of the arc is toward node j from node i, which means component i should be assembled after component j. As a result of the cooperation of arcs and nodes in graph, we can continue to merge two suitable independent sub-assemblies into one higher level but more complicated subassembly until the root node is reached, i.e., product model. The graph mathematic formula is given as follows:
Where, N is the node, which represents the object of an independent component, E is the non-directed arc, which represents the geometric constrain relationship between two parts, and DE is a directed arc, which represents the assembly sequence liaison constraint between two parts.
The procedure of creating a sub-assembly sequence with the assembly connection graph method employs the following four steps: (1) Selecting target leaf nodes from the hierarchical model to be assembled. (2) According to geometric constraint information of the parts, geometry constraint relationship among parts/components can be obtained from the non-directed arc. (3) Defining assembly constraint relationship between parts/components by adding directed arcs to the non-directed graph and using interactive operations to generating a complete assembly connection graph of assembly sequence. (4) Simulating the assembly sequence dynamically and evaluating the defined scheme. Simulation functions are described in section three. Since many assembly sequences share common sub-sequence, attempts have been made to create more compact representation that can encompass all assembly sequences. Therefore, the works in these fields are graph-based approaches that represent all feasible assembly sequences. From the construction process of the assembly connection graph, we can conclude that directed assembly connection graph including assembly semantic and can be expressed by liaison matrix of directed graph.
We know that a liaison always exist between a pair of parts or super-parts if one part or super-part constrains the freedom of motion of the other by a direct contact or a near contact.
Contact Matrices
The contact matrices are used to determine whether there are contacts between parts in the assembly state. These matrices are represented by a contact condition between a pair of parts. According to the assembly connection graph, the contact matrix can be represented by L e , where, e is the total number of components in the assembly, for 2 ≤ e ≤ n. The contact matrix L e of assembly planning is defined as:
Part number: 1, 2, 3 …n part number: 1, 2, ……, n
Where the characteristics of the contact matrix is described as follows, 1. l i,j = 1, if the part i possesses a contact relation with part j in the assembly planning. Otherwise, l i, j = 0. 2. The rows of matrix represent the contact relations between a component and other components. When i = j, L e represents the main diagonal consisting of its entries, then l i, j = 0 3. The matrix L e is a square and symmetric matrix, so each l i, j = l j,i . Using the DACG method, we can establish the total entries quantity (L) of requirement database, which is defined as: (2) Where n is the total quantity of primitive components in an assembly planning process. The DACG method of assembly sequence planning only requires the total quantity of database shown in the upper (or lower) triangular region entries of Eq. 1, which are comprised of relatively small data quantities and data contents consisting of 0 or 1 logic signs.
Assembly Knowledge Representation
How to represent assembly knowledge and store it to the computer is the basic problem in the assembly sequence planning. The excellent methods can simplify computer processing. We generalized assembly character and built the knowledge representations. As follows are shown are the knowledge representations of the part: 
Generation and Optimization of Assembly Sequence
On the assemble sequence planning field, many algorithms have been proposed for finding the entire set of possible assembly sequences [5] ~ [7] . However, many of these possible assembly sequences are unsuitable, and some completely unusable. Selecting the best assembly sequence (or several feasible sequences) from numerous possible assembly sequences is of critical importance. Nevertheless, when using previous proposed methods to account for product characteristic shifts or different production environments, it is difficult to directly yield the feasible assembly sequences. This section proposes the key evaluation factors of the product's characteristics and production operation environment to construct the precedence relationships and identify the feasible assembly sequences.
Assembly precedence relations
The assembly precedence relationships specify a partial ordering of the product assembly process. In general, engineer can not easily list all the relations on assembly sequence at the start of the planning stage. However, precedence relationships can be a powerful tool to assist to find the feasible sequences in assembly planning. The central point is how to retrieve and utilize precedence constraint relationships to find feasible assembly sequences. Precedence constraint relationships on local specified subassemblies can act as a guide to search for feasible or even optimal sequences.
1) Geometry precedence constraint
Geometry precedence constraint can't be violated in the assembly process. It is determined by geometry shape and mutual position between parts. Move characteristic represent the possibility which part can be disassembled in the designated direction. We can decide the feasible disassembly direction, according to the motion characteristic. We can construct the geometry precedence constraint according to the part feasible disassembled direction. Figure 1 is the flow chart of creating geometry precedence constraints. 
2) Special part precedence constraint
Some standard part have special mandate in the assembly process, such as o-rings, spring, bearing. For example, the spring was regarded as rigid element in analysis process, but in assembly process, it was defined as two types of statue: one is the natural statue, another is under compression. Designers consider final assembly state and decide the precedence constraints relations. Boring is in common used in mechanical product. The different location, structure type and mate mandate of the boring use different assembly methods.
3) Process precedence constraint
Process precedence constraint was constructed by exact structure, concurrent assembly situation and experience. These precedence constraint relations can't be detected automatically by geometry precedence constraint, so we have to build the process precedence constraint on the basis of special process requirement.
Generate and optimize assembly sequence
As shown in Fig. 2 , the process of getting optimum sequences has three main stages: (a) Creating initial sequences, (b) Generating feasible sequences, (c) Choosing good sequences. In the first stage, initial sequences are formulated by execute virtual disassembly operations on the virtual environment, which is generated by performing CAD-VR data translation. With the help of the VR devices such as the data glove and the head-mounted display (HMD), the engineer can manipulate the VP intuitively to see if the product can be assembled or disassembly properly. When virtually assembling/disassembling the VP, some meaningful information is gathered automatically and is output as initial sequences.
In the second stage, collision information is firstly determined by geometric reasoning with the initial sequences. Rather than conducting a time consuming and exhaustive geometric computation along an arbitrary motion path, collision detection is performed for each part only along the motion paths that are provided by the initial sequences. Then, precedence constraints among parts are derived from the collision information, which are represented as precedence expressions. A precedence expression for a part is a logical expression stating the conditions under which the given part would be movable. The goal assembly is decomposed into a part and a subassembly according to geometric constraints, and then the resulting subassembly is recursively decomposed, and so on until the subassembly left becomes a part. As a result, all feasible sequences are built. It is noted that the algorithm uses a PE for each part to determine all geometrically feasible decompositions without performing costly geometric computation. Once all feasible sequences of a product are found, the third stage will narrow the choice to a few good sequences. Given a userdetermined criterion or a valid combination of several criteria, it tries to select the best sequence from the set of geometrically feasible sequences as quickly as possible. Then it allows the designer to verify the good sequences by virtually assembling/disassembling the product VP, and to impose additional constraints on sequences if required. And then, the above process will be repeated until one or a few good sequences are found. In such a way, verifying the best sequence by virtually assembling/disassembling, adding constraints to remove undesirable operations and then re-planning becomes the main cycle of interaction in this stage.
In this paper, VP can be considered as a bridge between the user and the planner. Compared with the way of asking the designer to answer questions used in previous interactive systems, VP provides an intuitive means of gathering information. Through viewing and manipulating VP, the engineers are able to create, evaluate and simulate an assembly sequence. A more detailed description of the generation and optimization process of the optimum sequence is shown in Figure 3 .
THE APPLICATION INSTANCES 4.1. Assembly Model of Transmission System
The main components of the transmission system are showed as follows: main shaft bearing, principal axis, speed-increasing gear, mechanical anti-skid braking system, high-speed shaft. The figure 4 is the assembly model of the transmission system. 
Assembly Model of Deviation System
The main components of the deviation system are showed as follows: deviation electric motors and reducer, pivoting support, brake. The figure 5 is the DMU of the deviation system. The parameters of deviation system are as follows: deviation rate: 0.4°/s. the precise: ±5°. The sensitivity: ±20°.
Assembly Model of Hydraulic System
The figure 6 is the DMU of the hydraulic system. The parameters of hydraulic system are shown as follows: the power of motor of hydraulic pump: 2. 
Assembly Model of the Wind-Driven Generator
At the program design stage, we have revised and coordinated component and overall system again and again. According to mentioned structure, function, conformity, manufacturing process, overall coordination, check and examine the rationality of the overall system, and determine overall design program, and construct the assembly model of the wind-driven generator. The figure 7 is the overall assembly model of the wind-driven generator.
Assembly Planning Simulation of the Wind-Driven Generator
Using above mentioned method, we construct the assembly sequence of the winddriven generator. Furthermore, using media techniques to simulate the assembly process and display the whole assembly process intuitively. The assembly process simulation was shown as follows figure 8.
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CONCLUSION
The DACG method including assembly semantics is studied in this paper. The assembly constraint relationships can be expressed by DACG and contact matrix. The preference constraint methods are presented from the view of the geometry preference, special parts preference and process preference. Product semantic information model could offer much useful information supports for designer to finish the assembly design and make right decision. Furthermore, knowledge-base approach to assembly sequence planning was studied in detail.
The key components assembly model and the overall wind-driven generator product model were constructed based on the presented methods. The application of the approach fast research and development speed, and insure the complete of the National 863 project on time. 
